Mechanical assistance of the left ventricle: acute effect on cardiac performance and coronary flow of different perfusion patterns.
Mechanical circulatory assistance by ventricular assist devices provides an opportunity to influence the aortic pressure pattern, which may affect ventricular loading and coronary perfusion. The effect of synchronous, pulsatile coronary perfusion of an assist device-supported left ventricle has not been studied. To analyze the effect of different perfusion patterns on left ventricular performance and on coronary flow, independent of pressure and volume loading, we used three different modes of aortic perfusion in an isometric, contracting, isolated canine heart model. The effect of nonpulsatile, counter-pulsatile, and copulsatile coronary perfusion was analyzed in four subgroups to simulate different, clinically relevant situations (using two different ventricular end-diastolic volumes [normal and high] and two mean perfusion pressures [normal and critically low]). Our experiments demonstrated that total coronary flow is optimized by making the perfusion pressure pulsatile and by synchronously timing the pump systole with ventricular diastole (counterpulsation). Under identical conditions of preload and mean perfusion pressure, coronary flow and left ventricular contractility were decreased during non-pulsatile and copulsatile aortic perfusion when compared with counterpulsatile flow. There were no significant differences between the nonpulsatile and copulsatile modes. We conclude from these data that a nonejecting, but contracting, left ventricle will have improved systolic function and coronary blood flow if the coronary perfusion pressure is synchronized in a counterpulsatile manner. This is a significant implication for mechanical left ventricular assist devices when used to promote myocardial recovery.